Results of the experimental project using ne| ive muon spin rotation at Lawrence Berkeley Laboratory are reported. The following ave been discussed briefly, i) The bound muon g factors from the viewpoints of the relativistic and nuclear polarization effects, ii) Strange depolarization phenomena in terms of the difference between the muonic-atom probe and its equivalent nuclear probe iii) Application of ji'O probe to studies of magnetic oxides, iv) Total muon capture rates in the actinide region.
INTRODUCTION
In this paper we will present results of the negative muon spin rotation project which has been running for the past two years at the 1M inch Cyclotron at the Law rence Berkeley Laboratory. ' The principle of the muor spin rotation OuSR) is to determine the muonic Larmor frequency and the relaxation time by observing p -e decay asymmetry from polarized muons time-differential ise. This is quite an interdisplinary project spanning over meson physics, nuclear pf: sics and atom/solid-state physics. There are two kinds of muon spin rotation, namely, p + SR and /u'SR. ~U~~ fm pseudo nucleus of (Z -1 )e
The positive muon is characterized as a "light proton" and its application to solid state studies is getting popular by now, and we have submitted some results to this con ference. * In ju'SR we use the bound muon (namely, the ground state muonic atom) as a probe. There were a series of pioneer work on /TSR during the years of 1958-62 at Columbia, ' Chicago and Dunba, 4 but since then its importance has almost been forgotten. It is rather surprising that even the bound muon g factors in heavy nuclei had not been measured until we started this project. In this paper we will restrict our selves to fi'SR.
The negative muon (lsj/2) bound to a spinless nucleus of charge Ze looks like a pseudo nucleus of charge (Z -l)e, if seen from outer atomic electrons, but the charge and magnetization distributions are different (see Fig. 1 ). Three questions may be raised, i) How different is the bound-muon g factor from the free muon g factor? ii) How different are the muonic atom and its equivalent nucleus? iii) Are applica tions to solid state studies promising?
The experimental apparatus we employed is shown in Fig. 2 . The time difference between the stopped muon and the decay electron was measured by a digital clock counter (HP5360A) to a precision of 0. 
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V, i ^-Nucleus: + Ze predicted that the electron in a K shell orbit must possess a g factor different from the free-electron value (gf ree = -2) due to its relativistic motion. Breit gave a correction Sg/g --(aZ) J /3. While this effect was not examined in ordinary atoms because of the lack of techniques to measure the g factors of deeply are summarized in Fig. 3 , which shows presence of quite large cor rection in the g factors of muons bound to heavy nuclei in accordance with the finite size calculation of Ford et al., but the precision was not good enough to discuss any indication of nuclear polarization.
In principle the bound muon can polarize the nucleus from its ground state (I = 0 + ) to magnetic dipole states (1 = 1 + ) through the electromagnetic interaction (muonnucleus hyperfine coupling), which gives rise to a small correction to the g factor. The essentially same effect is seen in nuclear magnetic moments in a much more pronounced way (so called core polarization), but this effect has never been separated from other possible effects. A large inherent problem is that the bare Ml operator for one nucleon in the nucleus is by no means the same as the one for the free nucleon because of the mesonic exchange current, as shown experimentally by the Tokyo group. 8 Therefore, the bound-muon g factor will be a quite unique probe with no ambiguity in deducing -4-the magnetic core polarizability of the nucleus. At this moment we can only say that high precision measurements will be possible in the near future and that precise deter mination should depend on further understanding of the difference between the bound muon probe and the equivalent nucleus in terms of the solid-state effect.
STRANGE DEPOLARIZATION OF NEGATIVE MUONS
The ground-state muonic atom in comparison with the impurity nucleus of charge Z -1 is expected to show a substantial hyperfine anomaly because its charge and mag netization distributions are entirely different from those for the corresponding nucleus. ' We can define the following anomaly factors both for the static hf frequency Aoj and for the dynamic relaxation time T,, studied the Pd case vew carrf-.'ily at various temperatures, using a very pure metal includ ing only 5 ppm Fe. "' Such a, study was hoped to be promising in obtaining I'I and F 2 , as large negative Knight shifts are observed in the corresponding nuclear case, Rh in Pd. " •" We expect Ti for u"Pd at 4K to be !6 usee, which is much longer than the u" lifetime of 0.1 psec, and the Knight shift at 4K lo be -0 16 ' '• ' ! under the assumption of no hyperfine anomaly (Fi = F2 = 1). We observed no significant precession signal at any temperatures (4-300 K), as shown in Fig. 4 This surprising fact indicates either of the following two cases. i) If this depolarization takes place at the ground-state muonic atom, the relaxation time Ti should be less than 50 nsec, corresponding to a surprisingly large hyperfine anomaly: F2 S 300! This would mean that the hyperfine field felt by the muonic atom is 20 times larger than that felt by the nucleus.
ii) This depolarization may take place before the muon reaches the ground state, i.e., during the slowing down, capture stare or muonic atom cascade, where the muon traverses through electrons of high spin densities. This is entriely unknown region both in space and time.
One of the adequate approaches to this problem is to see whether this phenomena is associated with the macroscopic observable;, such as atomic magnetic moments. The Dubna group observed recovery of the polarization in Pdo» Ho.4 metal where tin para magnetism of Pd is completely supressed by hydrogen. 4 Similarly, we can artificially reduce the magnetic moment of Ni by adding the impurity like Cr. We have studied the concentration dependence of the residual muon polarization for paramagnetic Ni and NiCr alloy. No precession signal was observed in paramagnetic Ni at 700 K and 900 K with an external field of 9.8 kG. However, we observed appreciable precession signal in NjCr alloy at room temperature as the Cr concentration increased toward the critical concentration (12%) where the magnetic moment of the alloy ultimately be comes zero. The disappearance of the precession signal takes place for NiCr alloy of 10% Cr concentration, which has an atomic magnetic moment of only 0.1 |Ug.
Further experiments to pin down these questions are being planned.
APPLICATION TO STUDIES OF MAGNETIC OXIDES
The negative-muon spin rotation method has been applied to observe the hyperfine field at n~0 in paramagnetic MnO at room temperature. ' This is the first case, where the /a*SR method is applied to studies of magnetic oxides. The oxygen atom in this magnetic oxide plays an important role in the superexchange interaction which gives rise to antiferromagnetic ordering of Mn 2+ d-electrons below T]\| = 116 K. To study local fields at oxygen sites in such an oxide, however, conventional NMK method is hardly applicable, not only because of the quite low natural abundance of ' 7 0 (0.04%) but also because of a large quadrupole broadening at non-cubic site, while the u'SR method is promising and powerful. Since (TO has a lifetime of 1.8 usee, which is much longer than the lifetimes (100-200 nsec) of u" trapped 'jy heavier elements, the muon signal from oxygen can be selectiv :ly separated. Furthermore, the u"SR method may reveal new phenomena, since the ^i"0 probe behaves as a nitrogen-like impurity but with rather broader magnetization distribution as compared with the nitrogen nucleus.
The time spectrum of decay electrons from stopped muons in MnO, as shown in Fig. 5 , involves two decay components with mean lifetimes of 232 nsec (u"Mn) and 1.84 usee (u~0) . The frequency spectrum of die latter component at 6.830 kOe exter nal field is shown in Fig, 5 (b) together with that for a carbon target, which reveals a paramagnetic shift of u"0 in MnO. The relaxation time T 2 has also been obtained. All these results are presented in Table II and compared with the ' 7 0 NMR data. '" The observed shift A(u~0) is about 1/3 of AC '0), which cannot be accounted for solely by the fact that the 2s electron density at p~0 is decreased by a factor of 0.6. The present result indicates that i) the presence of /a" at 0 increases the local covalency and thus enhances the local superexchange interaction, which gives rise to reduction of the polarization of the neighbouring Mn 2+ d spins and that ii) the local exchange frequency is also increased so as to reduce the relaxation rate. Let us emphasize that the negative muon is not a passive probe but an active probe in the sense that it changes the local structure of solid states and detects such a change by itself. This is a perfectly dilute solid state system which cannot be accessible by conventio..al means. The experimental results are shown in Table III If we ascribe the difference of capture rate, w = 1/T( • l/r e = (0.9 ± 0.5) x 10* sec" 1 for J39 U, to Bloom's mechanism, it would indicate that the radiationless excita tion, by the 2p -» Is transition feeds the fission isomer with a branch of almost 100%, which, however, seems to be unrealistic. 
CONCLUDING REMARKS
We have described briefly what we have done and what we can learn from pSA. ex periments. We have found that there are many interesting problems, which still remain unsolved. We believe that both fi + SR and n"SR will create new fields of physics in the coming meson factory era.
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